The understanding of the generated hybrids' breeding value gives a measure of probable advances in a breeding program. Four cocoa genotypes (testers) were crossed with two distinct lines (T65/7 and T86/2). The parents and the hybrids were separately 
Introduction
It is known that breeding success at tree crops is slow; scaling the process of the right parents' choice for generating high quality hybrids is another challenge. A concerted breeding effort on tree crops, such as cocoa, often leads to significant improvement in quality, yield and other economic traits. Effective breeding will take advantage of available genetic resources into an improvement program to achieve high level of heterosis for desired traits. Hladni et al. (2008) remarked that the act of obtaining plant genetic resources with desirable traits for pairing as male and female parents, to produce superior F1 progeny over the existing genotypes, is a main precondition for designing a model in hybrid breeding program. Therefore, the success in crop breeding through hybridization is dependent on the identification, selection and utilization of the right parents.
Line and Tester analysis (Kempthorne, 1957 ) is significantly relevant in the testing procedure of highly performing parents' selection. The knowledge of the general and specific combining abilities (GCA and SCA) is useful to assess heterosis among genotypes. The critical information guides the choice of the right parent(s) and elucidates the nature and magnitude of gene actions determining the phenotypic expression of traits in the resultant crosses (Rashid et al., 2007; Salgotra et al., 2009; Sanghera and Hussain, 2012; Sarker et al., 2002) . The concept of combining ability is fundamental in enhancing productivity among different crops, especially superior F1 hybrids production (Ali et al., 2012) . The identification of proven parents for further breeding programs and expansion of existing seed garden hectarage for continuous hybrid pod generation remains a contextual annual objective in the cocoa breeding scheme.
The production of hybrid varieties is a feasible strategy to achieve increased yield in crops. The cultivation of hybrid cocoa seedling in Brazil led to a heave in the production of the country over the years (Dias et al., 2003) . Hybrid breeding programs have remarkably contributed to yield, disease/pest resistance, nutritional qualities improvement, adaptability etc. The breeding value of an offspring or hybrid is measured by heterosis and heritability, most reliably the narrow sense heritability. Heterosis is an unexpected but beneficial and significant positive deviation from the average of the two parental lines (Kendall et al., 2013) . Heterosis conceals inferior genes in a hybrid; its utilization is effective for the genetic improvement of different traits.
The generation of high quality hybrid pods, to raise seedlings for new cocoa plantations, is ensured by the establishment and upgrading of cocoa seed gardens with high quality parental stock. Information on combining abilities through Line x Tester mating design guide breeders to select parental stocks with good GCA and SCA for polyclonal and biclonal seed gardens, respectively. Therefore, the objectives of the present study include: to investigate combining ability of six cocoa clones for some pod and bean traits, to identify parents with desirable GCA, cross combinations with desirable SCA and to understand the nature of gene action involved in the studied pod and bean characters.
Materials and methods
In the bid to investigate the breeding value of some cocoa hybrids for pod and bean traits, a Line and Tester mating design was carried out on six parental cocoa clones. Hybridization through hand pollination was carried out between two Lines and four Testers to generate hybrid pods, in 1999. Budwood from the six parents was collected and clonal seedlings were generated through patch budding. Seedlings from the hybrid pods and the parental clonal seedlings were established in the planting season of 2000. The parent and progeny plots were settled separately in the Cocoa Research Institute of Nigeria (CRIN), Ibadan, Nigeria in a randomized complete block design with six replications. Tab. 1 shows the genetic identity of the parents and the offspring. Owing to the fitness of the experiment, to the assumption of uniformity in development (Kempthorne, 1957; Singh and Chaudhary, 1985) of the Line and Tester analysis; fifteen uniformly matured and ripe cocoa pods were selected and harvested from each genotype/plot in the parent and hybrid plots in 2011. Pod length, pod weight, number of beans per pod, length, width and thickness of dried beans were recorded. The data was subjected to Line and Tester analysis following the procedure of Singh and Chaudhary (1985) , leading to the estimates of the general and specific combining abilities (GCA and SCA), their standard errors and proportion of contribution to total variance etc. The significance of GCA and SCA were tested following the procedure of Abrha et al. (2013) such that the corresponding GCA and SCA values were divided by their respective standard error to obtain the t-calculated value. T-calculated was compared with the t-tabulated value at error degree of freedom. Mid-parent heterosis was calculated as follows:
where: F1 is the value of the hybrid for a trait, and P1 and P2 are the values of each parents for the same trait.
Results and discussion
The means of the two lines differed significantly (P≤ 0.05) for five of the six pod and bean traits (Tab. 2). Line 1 (T65/7) had a higher mean for PL, PW, BL, Bwi and BT. Significant (P≤ 0.05) differences existed among the means of the four testers for each of the six traits except for the number of beans per pod as shown in Tab. 2. Variation in treatment and the component of the treatment (parent, crosses and parent vs. crosses) differed significantly (P ≤ 0.01) for all the characters except the bean length (Tab. 3). However, significant (P ≤ 0.05) variation due to parent and parent vs. crosses was limited to four and three of the six quantitative traits respectively (Tab. 3). Moreover, in Tab. 3, significant (P ≤ 0.05) and highly significant (P ≤0.01) differences occurred among line x tester interaction for bean width, number of beans per pod and bean thickness. The proportion of the variance of GCA to SCA was higher than one (1.00) in PL, PW, Bwi and BT, however, GCA/SCA proportion was lower than 1.00 in NoB and BL (Tab. 3).
Tab. 4 presents the proportional contribution of the Lines, Testers and the interaction of both with respect to the six studied traits. The Tester evidently played an important role toward the phenotypic expression of pod length (85.45%) and pod weight (80.77%). Contribution to the phenotypic expression of the line and the tester was fairly the same for bean width and bean thickness; although, the Testers had higher proportional contribution by magnitude (Tab. 4). The contribution of Line x Tester interaction was highest for NoB (66.15%), BL (49.13%) and BT (36.06%). The results of the general combining ability for the Lines and Testers are presented in Tab. 5. Significant GCA mean squares for Lines occurred only for PW, Bwi and BT (P≤ 0.05). Among the Testers GCA, significant variance was observed in T3 for PL, PW, NoB, and BT, T4 for BT, T5 for PL, PW and NoB and T6 for BL and Bwi (P≤ 0.05). From Tab. 5, while the GCA effects of T4 (BT), T5 (PL, PW and NoB) and T6 (Bwi) were negative, positive and significant GCA were observed for T3 (PL, PW and NoB) and T6 (BL).
The cross combinations between L1 and L2 with T3 and T4 gave opposite (positive and negative) significant SCA estimates for PL, PW, Bwi and BT (P≤ 0.05). The SCA estimates for L1xT6 and L2xT5 were positive for NoB, BL, Bwi and BT. However, negative but significant SCA estimates was observed for the same traits in the crosses combination between L1xT5 and L2xT6 (Tab. 6). The best specific combiners for optimum pod and bean length were: L2xT3 and L1xT6 respectively. While L2xT4 then L1xT3 were the best combiners for PW, L1xT4 then L2xT4 were identified from Tab. 6 as the best specific combiners for NoB. Three and four respective good specific cross combiners were identified for BT and Bwi in Tab. 6. Percent mid-parent heterosis (MPH) for the six traits is presented in Tab. 7. The percent heterosis varied from cross to cross and between traits. Generally, the percentage range of MPH in this study was -17.82 (L1xT4 for BT) to 52.40 (L1xT6 for PW). For the six traits, the eight crosses exhibited both positive and negative MPH. The percentage MPH ranges for the eight crosses for each of the six traits were: 10.96 (PL), 65.00 (PW), 28.81 (NoB), 33.67 (BL), 24.54 (Bwi) and 34.27 (BT). The least and highest variation occurred in PL and PW respectively (Tab. 7). Among the eight crosses, only L2xT4 (T86/2xT57/22) displayed positive MPH of approximate 1.00% -12.5% for the six traits. The trait with the highest cumulative MPH (16.94%) in this study was PW; the least (-3.32%) occurred in BT (Tab. 7). Heterosis for PW (36.49%) was higher in all the crosses relating to Line 1. Crosses, which had Line 2 as the 215 maternal parent showed quite high heterosis for NoB, BT and BL (Tab. 7). Based on the heterosis value in Tab. 7, the respective best crosses for each trait were: L1xT4 (PL), L1xT6 (PW), L2xT5 (NoB), L1xT6 (BL), L2xT3 (Bwi) and L2xT3 (BT). The worst crosses were: L1xT3 (PL), L2xT3 (PW), L1xT4 (NoB), L1xT5 (BL), L1xT5 (Bwi) and L1xT4 (BT).
The identified significant variation among the Lines and the Testers presents a justified platform for the selection of the six parents. The outcome of the 2 x 4 crosses was the generation of new cocoa variants with improved performances. Use of parents with wider genetic distance for hybridization program assures the creation of new variants and the increase of genetic resources in a germplasm (Adewale et al., 2013) . The significant differences observed among the parents and their F1 hybrids for most of the traits studied indicates the presence of genetic differences among the genotypes. The higher pod weight of T65/7 and the higher bean width and thickness of T86/2 may have informed their choice as female parents. Moreover, according to Abrha et al. (2013) , the non-significant mean square observed in the Lines and Testers for some of the traits in this study may suggests that the Lines and the Testers used had comparable potential for the studied traits.
While the GCA represents the fixable component of genetic variance and is important to develop superior genotypes, the SCA represents the non-fixable component of genetic variation, which is important to provide information on hybrid performance (Mohammed, 2009 ). Hladni et al. (2008) and Mohammed (2009) specifically observed significant variation between the GCA for Lines and the Testers and SCA for the crosses. The greater than 1.00 value from the GCA:SCA for pod length, weight, bean width and thickness obtained in this study agrees with the results of some authors e.g. Ganesen and Rangaswamy (1997) and Singh et al. (1996) . Therefore, with reference to the remarks of Hladni et al. (2003) , Sarker et al. (2002) and Rashid et al. (2007) , the responsible gene action for pod length, weight, bean width and thickness in the studied cocoa genotypes is additive. Identification of the preponderance of additive gene action makes progeny selection very effective because heritability of such traits will be very reliable (Hladni et al., 2003; Abrha et al., 2013) .
Testers were more important in the determination of the phenotypic expression of pod length and weight; indicating predominant paternal influence for the two traits. Maternal genetic influence from the Lines was poor in influencing the expression of most of the studied traits. Proportionally high Line x Tester contribution to variance indicates higher estimates of specific combining abilities variance effects (Sanghera and Hussain, 2012) . This proved to be true for number of beans per pod and bean length in this study. However, with reference to the less than a unit (< 1.0) GCA/SCA ratio for number of beans per pod and bean length, the implicated gene action is non-additive. Hladni et al. (2008) remarked that non-additive genetic component was responsible for the inheritance of plant length and the total leaf area in sunflower. The presence of non-additive genetic variance is the primary justification for initiating hybrid program (Pradhan et al., 2006; Sanghera and Hussain, 2012) . Fortunately, T65/7xT57/22 and T65/7xT9/15 were two of the eight cocoa hybrids released to Nigeria farmers in 2011 as CRIN Tc 4 and CRIN Tc 8 respectively (CRIN, 2011) .
Negative GCA is undesirable for all the studied characters. An initial study (Adewale et al., 2013) identified strong and significant positive correlation among some of the traits in the present study. The positive and significant GCA effect of T9/15 (for pod length, weight, number of beans per pod and bean thickness) and T53/8 for bean NB: PL = Pod length, PW = Pod weight, NoB = Number of beans, BL = Bean length, Bwi = Bean width and BT = Bean thickness length makes both potential paternal parents for the identified traits. Selection of the genotypes for the corresponding traits will be effective in subsequent hybrids development for productive pod and bean qualities. Owing to the prolific status of the studied genotypes as reflected by their high GCA, a polyclonal seeds garden plot may be initiated to ensure different hybrid pod generation and distribution to farmers for planting.
The existence of both positive and negative SCA effects had been also reported in many crops (El-Gazzar and Khalil, 2012; Kanagarasu et al., 2010; Mohammed, 2009; Sanghera and Hussain, 2012) . A significant SCA effects among crosses indicates significant deviation from predictable parental performances (Abrha et al., 2013) . These crosses with highly positive and significant estimates for SCA could be selected for use in cocoa breeding programs. The understanding of the SCA status of cocoa clones is a requisite for initiating biclonal seed garden plots; as this leads to the generation of high quality hybrid pods. While a specific hybrid remains the derivative from the plot, hand pollination may become unnecessary for hybrid pod generation in such a plot.
Heterosis differs among genotypes (hybrids) of plants and animals for various quantitative traits. The observed differences in the value of heterosis for each of the eight crosses with respect to the six traits is consistent with the result of many authors (Alam et al., 2004; Ali et al., 2012; Rashid et al., 2007) . The ultimate aim of hybrid breeding program is to gain heterosis for the trait of interest. Heavier pods in most cases contain many beans and or few bigger beans. In this study, T65/7xT53/8 and T86/2xT22/28 were outstanding among the eight crosses for pod weight and number of beans per pod; they can therefore be considered for further studies. Moreover, their release as hybrids would be ideal (Jain and Sastry, 2012) . Hybrids with T65/7 as a maternal parent produced positive heterosis for pod length, weight and bean length. All hybrids with T86/2 as maternal parent produced positive heterosis for all the studied traits except pod weight.
Conclusions
One of the major goals of cocoa breeding is to increase the number of beans per pod and the bean weight, so any line with a positive GCA value for these traits is considered desirable in a cocoa breeding program. Availability of heritable genetic variation in a germplasm provides a reliable basis in breeding programs. The understanding of their general combining abilities suggests unmistakable guide to selection. Cross combinations with additive gene effect and superior heterotic performance for pod and bean trait will be a hybrid of significant preference. The justification of nonrecommendation of open-pollinated pods to farmers for cultivation is clinched on the indefinite pedigree status and unknown productive potentials of such pods. Continuous intraspecific hybridization within available germplasm of cocoa ought to remain a routine breeding program for stepwise advances of cocoa genetic improvement. 
